the adult offspring had a stronger influence than maternal and birth characteristics on their mortality and morbidity.
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Key Messages:
What is already known:
Maternal pre-pregnancy BMI and total gestational weight gain has been shown to affect cardiovascular parameters such as blood pressure in the young adult offspring. None of the published studies had adequate follow up time to assess the effects on cardiovascular events and mortality.
What this paper adds:
In a cohort follow up study spanning 60 years, rate of gestational weight gain (GWG) was not found to be associated with offspring's risk of mortality or cardiovascular events. GWG of 0.9Kg/week or more was associated with increased risk of cerebrovascular events in the offspring. Adult health and lifestyle factors such as smoking, diabetes and obesity were strongly associated with offspring's risk of mortality and morbidity.
How might this impact on clinical practice?
For the first time, this large scale cohort study was able to show that adult health and lifestyle factors and not early life risk factors played the most important role in determining cardiovascular mortality and morbidity. Modifying these risk factors (obesity, smoking, diabetes) would constitute effective preventive strategy irrespective of early life risk factors. Excessive weight has established health risks for both the mother and baby not only during pregnancy 1 , but also in the longer term, including premature mortality 2, 3 .
Proposed mechanisms for this long-term risk include genetic predisposition, shared environment and fetal programming of adult disease 4 .
The effect of maternal weight gain during pregnancy (gestational weight gain or GWG) on adult offspring health is less clear. Many of the cohorts designed to study the effects of maternal nutrition in pregnancy on offspring health are currently relatively young and therefore can only report adverse outcomes at the time of birth, childhood or young adulthood. Most of these have focussed on offspring BMI, with high correlations found with maternal GWG. Morrison et al 5 found that maternal GWG was positively associated with insulin levels and birthweight, length and body fat in the newborn. The Jerusalem Perinatal Family Follow-up Study found that the offspring of mothers within the upper pre-pregnancy BMI quartile (BMI> 26.4 kg/m 2 ) had a higher BMI, and cardiometabolic traits compared to those born to mothers in the lower quartile (BMI< 21.0 kg/m 2 ) at 32 years of age 6 . These associations were independent of maternal GWG and other confounders.
Record linkage of a mature cohort -Aberdeen Children of the Nineteen Fifties (ACONF)
to local obstetric and national vital statistics and hospital clinical datasets available in Scotland, enabled us to test the hypothesis that maternal GWG is associated with subsequent cardiovascular morbidity and premature mortality in the adult offspring, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Data cleaning and exclusions: We excluded ACONF members who did not complete the questionnaire survey in 2001, emigrated out of Scotland or did not report one or more of the adult characteristics. We also excluded all participants whose mother, did not have more than one weight recorded in pregnancy, or who had only 2 weights recorded less than 2 weeks apart (figure 1). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Rate of GWG was treated as a continuous variable in order not to lose information and to model any non-linear relationships. Unadjusted Hazard Ratios (HR) and 95% confidence interval (CI) for the pre-specified outcomes by the rate of weight gain (kg/week) were calculated (Model 1), followed by three adjusted models as described above. The proportional hazard assumption was tested using Schoenfeld residuals 12 and no violations were detected. To model the non-linear relationship between rate of weight gain and offspring outcomes, a restricted cubic spline (RCS) procedure was adopted. 13, 14 This uses multiple polynomial line segments within the range of rate of weight gain, the boundaries of which are called knots. Knots were placed at equally Missing values: Complete case analysis was done for missing data on exposure variables.
Where data were missing in categorical covariates, a separate category was created for missing observations in each of the covariates and included in the relevant analyses.
Missing in continuous variables was treated as missing in the analysis.
In the modelling diagnostic, any outliers and influential data points were checked using likelihood displacement values and LMAS values 15 for the final model. A scatter plot between predicted likelihood displacement values and time to event for each of the outcomes was used to identify any observations with disproportionate influence.
Similarly, predicted LMAX was used instead of likelihood displacement measure. Four observations appeared to be somewhat influential relative to others. Those four observations were excluded and the analyses were repeated for all the outcomes in the final model. The estimates of the covariates were almost same as the estimates with the observations included in the modelling. Multiple imputation was carried out using RealcomImpute, a software for multilevel multiple imputation. The multilevel multiple imputations were carried out for variables with missing observations using complete information on other covariates for all cases and outcome. The results were compared between complete case analysis and complete + imputed dataset.
Results: Figure 1 shows cohort follow up with exclusions. After applying all of the exclusion criteria described above, there were 3781 members of the original ACONF cohort (n=12,151) included in the analysis. Of these, 103 (2.7%) had died, 169 (4.5%) had suffered at least one cardiovascular event and 73(1.9%) had had a hospital admission or death from cerebrovascular disease. The major causes of death were neoplasms (31.5%), diseases of the circulatory system (26.0%), diseases of the digestive system (10.0%), metabolic diseases (8.3%) and injury or trauma (6.2%). Compared to those who did not have a cardiovascular event, those who did were more likely to be male (64.5% versus 47.0%, p<0.01), and as adults belong to a more deprived socio-economic status group (p for trend <0.01), currently smoke (47.3% versus 24.1%, p<0.01), have a higher BMI (p for trend <0.01) and report diabetes (7.7% versus 1.5%, p<0.01).
Those who had had a cerebrovascular event were more likely to have mothers with a higher BMI in pregnancy {mean 23.66 (SD 3.32) Kg/m 2 versus 22.86 (SD 3.13) Kg/ m 2 , p=0.03}. As adults, they were more likely to be current smokers (57.5% versus 24.5%, p<0.01) and diabetic (8.2% versus 1.6%, p<0.01).
Of note, rate of maternal GWG was not associated with any of the outcomes of interest in the offspring on univariate analysis.
Figures 2, 3 and 4 show respectively the relationship between maternal GWG and the
offspring's risk of all-cause mortality, hospital admission for any cardiovascular disease and hospital admission for any cerebrovascular condition, from the fully adjusted model.
The HRs with 95% CIs for these outcomes at each node of GWG are presented in Table   2 , with results from each model shown separately in a stepwise fashion.
Association between GWG and offspring all-cause mortality: Neither the unadjusted nor any of the adjusted models showed a statistically significant association between maternal GWG and offspring risk of all-cause mortality ( Table 2 ). Figure 2 is the visual representation of the fully adjusted HRs with 95% CIs for offspring mortality by maternal GWG. According to this figure, there appears to be a reduction in offspring mortality risk with increased GWG, although the association was not statistically significant.
Association between GWG and offspring cardiovascular event :
The adjusted and unadjusted HR with 95% confidence intervals of any hospital admission or death from cardiovascular disease in the offspring by maternal GWG are presented in table 2. Cardiovascular disease in the offspring did not show statistically significant association with maternal GWG in any of the unadjusted or adjusted models. Association between GWG and offspring cerebrovascular event: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Discussion:
We did not find a statistically significant relationship between maternal GWG and offspring all-cause mortality or cardiovascular events. Being overweight or obese as adults conferred a higher risk of cardiovascular events, whereas higher maternal BMI during pregnancy was associated with an increased risk of cerebrovascular but not cardiovascular events on univariate analysis.
A offspring's childhood and middle-age adulthood. We were able to take account of clustering and co-linearity within and between variables by using multilevel modelling.
The cubic spline analysis enabled us to model the non-linear relationship between GWG and offspring morbidity and mortality without losing information through categorisation.
The main limitation of this study is the exclusion of a large proportion of the original cohort because of missing information on GWG (mostly due to a single weight being 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 It is difficult to tease out the effects of genetic predisposition, fetal programming and shared environment when studying the effects of maternal GWG on offspring morbidity and mortality later in life. Lawlor et al showed that neither maternal nor fetal adiposityrelated genetic variants were associated with higher GWG 19 . Nevertheless, higher GWG signifies higher birth weight which in turn is associated with higher risk of childhood and adult obesity. [20] [21] [22] [23] [24] Far less is known about the impact of maternal GWG on offspring cardiovascular health.
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